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FXUUHQWSURFHVVHVLQDQ5/FLUFXLW7KHREMHFWLYHRIWKLVSDSHULVWRSUHVHQWDQDSSURDFKWKDWHQDEOHVVWXGHQWV
PDMRULQJ LQ HOHFWULFDO HQJLQHHULQJ WR DSSO\ WKH FRQFHSWV OHDUQHG LQ SK\VLFV FODVV WR HQJLQHHULQJ SUREOHP
VROYLQJ FKDOOHQJHV 7KH JRDO LV WR IDFLOLWDWH VWXGHQWV¶ WUDQVIHU RI NQRZOHGJH IURP WKHRU\ WR HQJLQHHULQJ
DSSOLFDWLRQVWKHUHE\LQFUHDVLQJVWXGHQWDFDGHPLFDFKLHYHPHQWV3K\VLFVUHPDLQVWKHURRWRIQDWXUDOVFLHQFHV
WKHWKHRUHWLFDOEDVLVRIPRGHUQHQJLQHHULQJDQGPRUHWKDQDQ\RWKHUVFLHQFHSURPRWHV WKHGHYHORSPHQWRI
FUHDWLYH DQG FULWLFDO WKLQNLQJ LQ IXWXUH HQJLQHHUV 3K\VLFV LV DQ LQGLVSHQVDEOH FRPSRQHQW LQ HQJLQHHULQJ
FXUULFXODEHFDXVHLWLVEDVHGRQRXUNQRZOHGJHRISK\VLFDOODZV,WLVLPSRUWDQWWKDWVWXGHQWVXQGHUVWDQGWKDW
NQRZOHGJH LQ SK\VLFV LV QRW OLPLWHG WR DEVWUDFW LVVXHV EXW KDV DFWXDO DSSOLFDWLRQV LQ HQJLQHHULQJ DQG
WHFKQRORJ\7KHUHIRUHWKHWUDQVIHURINQRZOHGJHIURPSK\VLFVWRHQJLQHHULQJDQGWHFKQRORJLFDODSSOLFDWLRQV
EHFRPHVDQHVVHQWLDOIDFWRUWRLQFUHDVHVWXGHQWDFDGHPLFSHUIRUPDQFHUHWHQWLRQDQGSHUVLVWHQFHWKURXJKWKH
XQGHUVWDQGLQJRILPSRUWDQWSK\VLFVFRQFHSWV>@
5HVHDUFK LQHGXFDWLRQ LQGLIIHUHQWFRXQWULHV VKRZV WKDW VWXGHQWVDW WKHFROOHJHDQGHYHQXQLYHUVLW\ OHYHOV
FRQWLQXHWRKROGIXQGDPHQWDOPLVXQGHUVWDQGLQJVRIWKHZRUOGDURXQGWKHP6FLHQFHOHDUQLQJUHPDLQVZLWKLQ
WKHFRQWH[WRIWKHFODVVURRPDQGMXVWDVPDOOSHUFHQWDJHRIVWXGHQWVDUHDEOHWRXVHWKHNQRZOHGJHJDLQHGDW
VFKRROIRUVROYLQJYDULRXVSUREOHPVRIWKHODUJHUSK\VLFDOZRUOG>@,QPRVWRIWKHFRXUVHVVWXGHQWVKHDU
OHFWXUHVZLWKRXWVWURQJFRQQHFWLRQVWRWKHLUHYHU\GD\H[SHULHQFHV3K\VLFVFDQQRWEHWDXJKWRQO\E\XVLQJWKH
ERRNDQGEODFNERDUGDQGDVNLQJVWXGHQWVWRPHPRUL]HUXOHVIRUPXODVDQGODZV2QHRIWKHLPSRUWDQWSDUWVRI
WHDFKLQJ SK\VLFV LV UHDOWLPH ODERUDWRU\ H[SHULPHQWVZKLFK VWXGHQWV FRQGXFW GXULQJ ODERUDWRU\ VHVVLRQV DV
ZHOO DV H[SHULPHQWDO GHPRQVWUDWLRQV ZKLFK YLVXDOL]H WKH ODZV RI QDWXUH 7KH ODERUDWRU\ DFWLYLWLHV DQG
H[SHULPHQWDO GHPRQVWUDWLRQV VKRXOG EH HVWDEOLVKHG DV D SULPDU\ OHDUQLQJ WRRO IRU VWXGHQWV PDMRULQJ LQ
HQJLQHHULQJ DW DQ HDUO\ SRLQW LQ WKHLU DFDGHPLF FDUHHUV VR WKDW VWXGHQWV KDYH D WDVWH RI WKH H[FLWHPHQW RI
VFLHQFHDQGHQJLQHHULQJUHVHDUFK>@7KHUHIRUHLWLVQHFHVVDU\WRSURPRWHWHDFKLQJUHVRXUFHVWKDWVXSSRUWWKH
XQGHUVWDQGLQJRISK\VLFVFRQFHSWVRQRQHKDQGDQGGHPRQVWUDWHWKHLUSUDFWLFDOLPSOHPHQWDWLRQRQWKHRWKHU
KDQG3K\VLFVODERUDWRU\FODVVHVFDQEHFRQVLGHUHGDQLPSRUWDQWZD\WRXWLOL]HWKLVDSSURDFK,QGHHGGXULQJ
ODERUDWRU\FODVVVWXGHQWVSHUIRUPH[SHULPHQWVWKDWLOOXVWUDWHDQGYHULI\ WKHRUHWLFDOFRQFHSWVSUHVHQWHGLQWKH
OHFWXUH)XUWKHULPSOHPHQWDWLRQRIWKHVHH[SHULPHQWDOO\YHULILHGFRQVHQWVLQVRPHSUDFWLFDODSSOLFDWLRQVZLOO
VKRZFRQQHFWLRQVWRVWXGHQWV¶HYHU\GD\H[SHULHQFHV7KHUHIRUHWKHGHVLJQRISK\VLFVODERUDWRU\H[SHULPHQWV
VKRXOGKHOSVWXGHQWVWRXQGHUVWDQGPDLQFRQFHSWVDQGGHYHORSWKHFULWLFDOWKLQNLQJDQGSUREOHPVROYLQJVNLOOV
IRUWKHLPSOHPHQWDWLRQRIWKHVHFRQFHSWVIRUHQJLQHHULQJDQGWHFKQRORJLFDODSSOLFDWLRQV>@
$QHIIHFWLYHDSSURDFKWRWHDFKSK\VLFVWRGD\LVWRLQWHJUDWHFRPSXWHUWHFKQRORJ\LQWRWKHSK\VLFVODERUDWRU\
6LQFHWRGD\
VVWXGHQWVDUHH[FLWHGE\FRPSXWHUVDQGZDQWWRXVHWKHPFRPSXWHUVPXVWEHDQLQWHJUDOSDUWRI
RXU SK\VLFV ODERUDWRU\ DQG FODVVURRP&RPSXWHUVZLOO KHOS VWXGHQWV SHUIRUP WUDGLWLRQDO H[SHULPHQWV LQ OHVV
WLPHDQGPRWLYDWHWKHPWREHFRPHVHOIGLUHFWHGOHDUQHUV&RPSXWHUVDUHSDUWRIWKHUHDOZRUGVRVWXGHQWVPXVW
EHSUHSDUHGWRXVHWKHP)XUWKHUPRUHFRPSXWHUVDUHKHOSIXOWRLQVWUXFWRUVLQWKHPDQDJHPHQWRIFODVVWLPH
$VWKHXVHRIFRPSXWHUVDQGVHQVRUVLQSK\VLFVODERUDWRULHVKDVLQFUHDVHG>@WKLVSDSHURIIHUVFRPSXWHU
LQWHUIDFHGH[SHULPHQWVUHODWHGWR5&DQG5/FLUFXLWVWKDWDOORZVWXGHQWVWRVWXG\WKHFKDUJLQJDQGGLVFKDUJLQJ
SURFHVVHV LQ D FDSDFLWRU LQ DQ5& FLUFXLW DQG WKH ULVH DQGGHFD\ RI FXUUHQW SURFHVVHV LQ DQ5/ FLUFXLW DQG
SURYLGH WKH DELOLW\ WR UHDGLO\ WUDQVIHU WKHPDWHULDO VWXGLHG LQ SK\VLFV WR HOHFWULFDO HQJLQHHULQJ FRXUVHV 7KH
FRPSXWHUVXSSRUWHG H[SHULPHQWV VLJQLILFDQWO\ VLPSOLI\ GDWD FROOHFWLRQ WKXV UHGXFLQJ WKH WLPH UHTXLUHG WR
SHUIRUP H[SHULPHQWV DQG DOORZLQJ VWXGHQWV WR SORW PRUH JUDSKV LQ OHVV WLPH DQG LQFOXGH SULQWRXWV RI WKH
JUDSKVLQWKHLUODERUDWRU\UHSRUWV2XUDSSURDFKHQDEOHVWKHXQGHUVWDQGLQJRIIXQFWLRQVRI5&DQG5/FLUFXLWV
WKURXJK WKHYLVXDOL]DWLRQRI WKHSURFHVVHV LQ WKHVHFLUFXLWV7KHSDSHU LVRUJDQL]HG LQ WKHIROORZLQJZD\ ,Q
6HFWLRQVDQGZHSUHVHQWWKHPDLQFRQFHSWV IRU5&DQG5/FLUFXLWV7KHGHVFULSWLRQRIH[SHULPHQWVDQG
GDWDDQDO\VLVLVJLYHQLQ6HFWLRQ)LQDOO\WKHFRQFOXVLRQVIROORZLQ6HFWLRQ
5&FLUFXLW
0DWHULDOV IRU WKH VWXG\ RI WLPHYDU\LQJ FXUUHQW DUH SUHVHQWHG LQ DQ\ JHQHUDO SK\VLFV WH[WERRNV VHH IRU
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H[DPSOH5HIVDQG7KHEHVWZD\IRUWKLVWREHVWXGLHGLVWRFRQVLGHUDFLUFXLWFRQVLVWLQJRIDFDSDFLWRU&
DQGDUHVLVWRU5FRQQHFWHGLQVHULHVDVRXUFHRIHPIε,DQGDVZLWFKDVVKRZQLQ)LJ$FLUFXLWFRQWDLQLQJD
UHVLVWRUDQGDFDSDFLWRU LV FDOOHGDQ5& FLUFXLW7KH V\VWHP LQ)LJ LV DQHOHFWULFDOQHWZRUNEXW LW LV QRWD
FLUFXLWEHFDXVHWKHUHLVQRFORVHGSDWK/HWXVVHHZKDWKDSSHQVZKHQDWWLPHW VWKHVZLWFKLVFORVHGWR
SRVLWLRQWKXVFUHDWLQJWKHVLQJOHORRSFLUFXLW:KHQWKHHPIε LVDSSOLHGWRWKHUHVLVWRU5DQGWKHFDSDFLWRU
& LQ VHULHV WKH FKDUJH T RQ WKH FDSDFLWRU LQFUHDVHV DQG WKH YROWDJH W9& DFURVV WKH FDSDFLWRU GXULQJ WKH
FKDUJLQJSURFHVVLV


5&
W
& H&
TW9
−
−== ε FKDUJLQJDFDSDFLWRU      
7KH FXUUHQW WKURXJK WKH UHVLVWRU DQG WKH YROWDJH DFURVV WKH UHVLVWRU 5 GXULQJ WKH FKDUJLQJ SURFHVV
FRUUHVSRQGLQJO\DUH
5&
W
H
5GW
GTL
−
==
ε  5&
W
5 HL5W9


−
== ε FKDUJLQJDFDSDFLWRU    
,Q (TV  DQG  5&& =τ LV WKH FDSDFLWLYH WLPH FRQVWDQW RI WKH FLUFXLW :KHQ &W τ= WKH FKDUJH KDV
LQFUHDVHGIURP]HURWRDERXWRILWVILQDOYDOXH6XSSRVHZHKDYHZDLWHGORQJHQRXJKIRUWKHFXUUHQWWR
YDQLVK1RZWKHFDSDFLWRULQWKHFLUFXLWLVIXOO\FKDUJHGWRDSRWHQWLDOHTXDOWRWKHHPIεRIWKHEDWWHU\2QFH
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)URPHTXDWLRQVDQG\RXFDQVHHWKDWGXULQJWKHFKDUJLQJSURFHVVWKHVXPRIWKHYROWDJH W9& DFURVV
WKHFDSDFLWRUDQGWKHYROWDJH W95 DFURVVWKHUHVLVWRULVFRQVWDQWDQGHTXDOVε7KHVDPHUHODWLRQVKLS\RXZLOO
JHWE\DSSO\LQJ.LUFKKRII¶VORRSUXOHIRUWKHFKDUJLQJSURFHVVLQWKHFLUFXLWLQ)LJWKHVZLWFKLVFORVHGWR
SRVLWLRQWUDYHUVLQJLWFORFNZLVHIURPWKHUHVLVWRU
ε=+  W9W9 &5          
(TVLQGLFDWHGWKDWGXULQJWKHGLVFKDUJLQJSURFHVVWKHVXPRIWKHYROWDJH W9& DFURVVWKHFDSDFLWRUDQG
WKHYROWDJH W95 DFURVVWKHUHVLVWRUHTXDOV<RXZLOOJHWWKHVDPHUHVXOWE\DSSO\LQJ.LUFKKRII¶VORRSUXOH
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IRUWKHGLVFKDUJLQJSURFHVVLQWKHFLUFXLWLQ)LJWKHVZLWFKLVFORVHGWRSRVLWLRQWUDYHUVLQJLWFORFNZLVH
IURPWKHFDSDFLWRU
 =− W9W9 5&          
5/FLUFXLW
$ERYHZH FRQVLGHUHG WKH FLUFXLW FRQVLVWLQJ RI D FDSDFLWRU& DQG D UHVLVWRU5 FRQQHFWHG LQ VHULHV DQG D
VRXUFHRIHPIεDQGGHPRQVWUDWHGWKDW LIZHVXGGHQO\ UHPRYHWKHHPIIURPWKHFLUFXLW WKHFKDUJHGRHVQRW
LPPHGLDWHO\ IDOO WR ]HUR EXW DSSURDFKHV ]HUR LQ DQ H[SRQHQWLDO IDVKLRQ ,Q DGGLWLRQ WKH WLPH FRQVWDQW
GHVFULEHV WKHIDOORI WKHFKDUJHDVZHOODV LWV ULVH$QDQDORJRXV VORZLQJRI WKHGHFD\RU ULVHRI WKHFXUUHQW
RFFXUV LI ZH LQWURGXFH DQ HPI ε LQWR D VLQJOHORRS FLUFXLW FRQVLVWLQJ RI DQ LQGXFWRU / DQG D UHVLVWRU 5
FRQQHFWHGLQVHULHVDVVKRZQLQ)LJ $FLUFXLWFRQWDLQLQJDUHVLVWRUDQGLQGXFWRULVFDOOHGDQ5/FLUFXLW
7KHV\VWHPLQ)LJLVDQHOHFWULFDOQHWZRUNEXWLWLVQRWDFLUFXLWEHFDXVHWKHUHLVQRFORVHGSDWK/HWXVVHH
ZKDW KDSSHQVZKHQ DW WLPH W  V WKH VZLWFK LV FORVHG WR SRVLWLRQ WKXV FUHDWLQJ WKH VLQJOH ORRS FLUFXLW
VKRZQLQ)LJ:KHQDQHPIε LVDSSOLHGWRWKHUHVLVWRU5DQGLQGXFWRU/LQVHULHVWKHFXUUHQWLQWKHLQGXFWRU
DQGUHVLVWRULQFUHDVHVDQGWKHFRUUHVSRQGLQJFXUUHQWDQGYROWDJHVDUH
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ZKHUH 5// =τ LV WKH LQGXFWLYH WLPH FRQVWDQW RI WKH FLUFXLW6XSSRVHZH KDYHZDLWHG ORQJ HQRXJK IRU WKH
VWHDG\VWDWHFXUUHQWLQ)LJWREHHVWDEOLVKHG1RZWKHFXUUHQWLQWKHFLUFXLWLQ)LJHTXDOVWRε/5:KHQWKH
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(TV  VKRZ WKDW GXULQJ WKH ULVH RI FXUUHQW WKH VXP RI WKH YROWDJH W9/ DFURVV WKH LQGXFWRU DQG YROWDJH
W95 DFURVVWKHUHVLVWRULVFRQVWDQWDQGHTXDOVε$WWKHVDPHWLPH(TVLQGLFDWHWKDWGXULQJWKHSURFHVVRI
GHFD\RI WKHFXUUHQW WKHVXPRI WKHYROWDJH W9/ DFURVV WKH LQGXFWRUDQG YROWDJH W95 DFURVV WKHUHVLVWRU
HTXDOV 7KHVDPHUHODWLRQVKLSLVREWDLQHGE\DSSO\LQJ.LUFKKRII¶VORRSUXOH IRUWKHSURFHVVHVRIULVHDQG
GHFD\ RI FXUUHQW 7KHUHIRUH(TV  DQG  DUH YDOLG IRU WKH5/ FLUFXLW RQO\ WKH YROWDJH W9& DFURVV WKH
FDSDFLWRUVKRXOGEHUHSODFHGE\WKHYROWDJH W9/ DFURVVWKHLQGXFWRU
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'HVFULSWLRQRIH[SHULPHQWVDQGGDWDDQDO\VLV
&RPSXWHUEDVHGH[SHULPHQWVUHODWHGWR5&DQG5/FLUFXLWVVXJJHVWHGEHORZDUHGHYHORSHGIRUWKHVWXG\RI
FKDUJLQJDQGGLVFKDUJLQJSURFHVVHV LQDFDSDFLWRU LQDQ5&FLUFXLWE\PHDVXULQJDYROWDJHDFURVVD UHVLVWRU
DQGDFDSDFLWRUDVD IXQFWLRQRI WLPHDVZHOODV IRU WKH VWXG\ WKHULVHDQGGHFD\RIFXUUHQWSURFHVVHV LQDQ
LQGXFWRU LQDQ5/FLUFXLWE\PHDVXULQJ WKHYROWDJHDFURVVD UHVLVWRUDQG LQGXFWRUDVD IXQFWLRQRI WLPH7KH
H[SHULPHQWVDOORZRQHWRGHWHUPLQHWKHWLPHFRQVWDQWRIDJLYHQ5&RU5/FLUFXLWDQGEDVHGRQWKHPHDVXUHG
DQGFROOHFWHGGDWDWRYHULI\.LUFKKRII¶VORRSUXOHDQGIRU5&DQG5/FLUFXLWVUHVSHFWLYHO\
7KHFLUFXLWFRQVLVWLQJRIDFDSDFLWRU&DQGDUHVLVWRU5FRQQHFWHGLQVHULHVDVRXUFHRIHPIεDQGDVZLWFK
SURYLGHVWZRUHJLPHVFKDUJLQJDFDSDFLWRUDQGGLVFKDUJLQJDFDSDFLWRUDVVKRZQLQ)LJ7KHH[SHULPHQWV
DUHGHVLJQHG WRXVH WKH3$6&26FLHQFH:RUNVKRS,QWHUIDFHER[9ROWDJHVHQVRUVDQG'DWD6WXGLR VRIWZDUH
>@7KH9ROWDJHVHQVRUVSOXJVDUHFRQQHFWHGLQWR$QDORJ&KDQQHO$DQG$QDORJ&KDQQHO%RQWKH6FLHQFH
:RUNVKRS,QWHUIDFHER[DQG WKH6FLHQFH:RUNVKRS,QWHUIDFHER[ LVFRQQHFWHG WR WKHFRPSXWHU)RU WKH5/
FLUFXLWWKHFDSDFLWRU&VKRZQLQWKHGLDJUDPLQ)LJLVUHSODFHGE\ WKHLQGXFWRU/)LUVWO\XVLQJWKH/&5
PHWHU WKH UHVLVWDQFH RI WKH UHVLVWRU FDSDFLWDQFH RI WKH FDSDFLWRU DQG LQGXFWDQFH RI WKH LQGXFWRU DUH DOO
PHDVXUHG7KH'DWD6WXGLRVRIWZDUHDOORZVRQHWRPHDVXUHUHFRUGDQGYLVXDOL]HRQWKHFRPSXWHUVFUHHQWKH
LQVWDQWDQHRXVYDOXHRIWKHYROWDJHDFURVVWKHFDSDFLWRU&DQGUHVLVWRU5IRUWKH5&FLUFXLWDQGYROWDJHDFURVV
WKHLQGXFWRU/DQGUHVLVWRU5IRUWKH5/FLUFXLWFRUUHVSRQGLQJO\7KHGDWDFROOHFWLRQRFFXUVZLWKIUHTXHQF\RI
+]'XULQJ WKHH[SHULPHQW VWXGHQWVFDQ VHH WKH IDVFLQDWHGFRORXUSLFWXUHVRI WKHGHSHQGHQFHRI YROWDJH
DFURVVWKHUHVLVWRUDQGFDSDFLWRURQWKHWLPHLQWKH5&FLUFXLWDQGYROWDJHDFURVVWKHUHVLVWRUDQGLQGXFWRURQ
WLPHLQWKH5/FLUFXLW:KHQGDWDFROOHFWLRQLVILQLVKHGVWXGHQWVPDNHDFRS\RI WKHUHDGLQJRIWKHYROWDJHV
UHFRUGHGE\WKH'DWD6WXGLRVRIWZDUHDQGSDVWHLWLQWKH([FHOZRUNVKHHWDQGWKHUHVXOWVRIWKHPHDVXUHPHQWV
RIYROWDJHYHUVXVWLPHDUHDQDO\]HGXVLQJDQ([FHOZRUNVKHHW7KH\SORWWKHJUDSKVRIWKHYROWDJHDFURVVWKH
UHVLVWRUYHUVXVWLPH W95 YHUVXVWDQGWKHYROWDJHDFURVVWKHFDSDFLWRUYHUVXVWLPH W9& YHUVXVWIRUWKH
FKDUJLQJDQGGLVFKDUJLQJSURFHVVHVLQWKH5&FLUFXLWDQGDFWXDOO\REWDLQWKHSLFWXUHVWKDWWKH\KDYHLQJHQHUDO
SK\VLFV WH[WERRNV VHH IRU H[DPSOH 5HIV  DQG  DQG WKHUHIRUH FKHFN DQG YHULI\ WKH YDOLGLW\ RI WKH
FRUUHVSRQGLQJ HTXDWLRQV OLVWHG LQ WKH WH[WERRN 8VLQJ DQ ([FHOZRUNVKHHW IRU WKH YROWDJHV VWXGHQWV YHULI\
.LUFKKRII¶VORRSUXOHDQGIRUFKDUJLQJDQGGLVFKDUJLQJSURFHVVHVIRUHDFKLQVWDQWRIWLPH7KHVDPH
DQDO\VHV WDNH SODFH IRU WKH5/ FLUFXLWE\ SORWWLQJ WKH JUDSKV RI WKH YROWDJH DFURVV WKH UHVLVWRU YHUVXV WLPH
 W95  YHUVXV W DQG WKH YROWDJH DFURVV WKH LQGXFWRU YHUVXV WLPH  W9/ YHUVXV W IRU WKH ULVH DQG GHFD\ RI
FXUUHQWSURFHVVHV
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)LJ([SHULPHQWDOVHWXSIRUWKH5&FLUFXLW)RUWKH5/FLUFXLWWKHFDSDFLWRU&VKRZQLQWKHGLDJUDPVKRXOGEHUHSODFHGE\WKHLQGXFWRU
/
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$W WKHQH[W VWHS WKH WLPHFRQVWDQWFDQEHGHWHUPLQHG IRU WKH5& DQG5/ FLUFXLWV8VLQJ([FHORQHFDQ
FDOFXODWH ( )εOQ W9 5 IRU WKHFKDUJLQJSURFHVVDQG ( )Wİ9 &OQ IRU WKHGLVFKDUJLQJSURFHVVDQGSORW WKHJUDSK
RI ( )εOQ W9 5 YHUVXVWLPHWDQG ( )εOQ W9 & YHUVXVWLPHW7KHYDOXHVRIWKHVORSHVIRUWKHVHJUDSKVIRUWKH
FKDUJLQJDQGGLVFKDUJLQJSURFHVVHV LV HTXDO WR 5& DOORZV GHWHUPLQLQJ WKH WLPHFRQVWDQW 5&& =τ IRU WKH
FKDUJLQJDQGGLVFKDUJLQJSURFHVVHVDVWKHUHFLSURFDORIWKHVORSH)RUWKH5/FLUFXLWFDOFXODWH ( )εOQ W9 5 IRU
WKHULVHRIFXUUHQWSURFHVVDQG ( )εOQ W9 / IRUWKHGHFD\RIFXUUHQWSURFHVVDQGSORWWKHJUDSKRI ( )εOQ W9 5 
YHUVXVWLPHWDQG ( )εOQ W9 & YHUVXVWLPHW7KHYDOXHRIWKHVORSHVIRUWKHVHJUDSKVIRUWKHULVHDQGGHFD\RI
FXUUHQWSURFHVVHVLVHTXDOWR /5  DQGDOORZVWKHWLPHFRQVWDQW 5// =τ  WREHGHWHUPLQHGIRUWKHULVHDQG
GHFD\RIFXUUHQWSURFHVVHVDVWKHUHFLSURFDORIWKHVORSH
&RQFOXVLRQV
,QWKHVXJJHVWHGH[SHULPHQWVVWXGHQWVJDLQNQRZOHGJHRIHOHFWURQLFHTXLSPHQWLQWHUIDFHRIWKHFRPSXWHU
ZLWK WKH DFWXDO SK\VLFV H[SHULPHQW DQG XVH ([FHO IRU WKH FDOFXODWLRQV DQDO\VLV DQG SORWWLQJ JUDSKV0RVW
LPSRUWDQW LV WKDW WKHVH H[SHULPHQWV GHPRQVWUDWH DQG DOORZ VWXGHQWV WRGHWHUPLQH WKH WLPH FRQVWDQWV IRU WKH
FKDUJLQJ DQG GLVFKDUJLQJ SURFHVVHV DQG WKH ULVH DQG GHFD\ RI FXUUHQW SURFHVVHV DQG WKHUHIRUH WR EULQJ
DEVWUDFWFRQFHSWVWRWKHUHDOLW\$WWKHQH[WVWHSVWXGHQWVFKDQJHWKHYDOXHVIRUWKHFDSDFLWDQFHDQGUHVLVWDQFH
DQGYLVXDOO\REVHUYHKRZWKHWLPHFRQVWDQWIRUWKH5&FLUFXLWGHSHQGVRQ5DQG&DVZHOODVE\FKDQJLQJWKH
YDOXHVIRUWKHLQGXFWDQFHDQGUHVLVWDQFHH[DPLQHKRZWKHWLPHFRQVWDQWRIWKH5/FLUFXLWGHSHQGVRQ5DQG/
$IWHU SHUIRUPLQJ WKHVH H[SHULPHQWV DQ LQVWUXFWRU FDQ WKHQ PRUH HIIHFWLYHO\ GLVFXVV DQG GHPRQVWUDWH WKH
DSSOLFDWLRQVRI5&DQG5/FLUFXLWV LQHOHFWULFDOHQJLQHHULQJRUSHUIRUPVVRPHH[SHULPHQWDWLRQZLWK WKH5&
DQG5/FLUFXLWVUHODWHGWRSUDFWLFDODSSOLFDWLRQV
 ,QDGGLWLRQSHUIRUPLQJWKHVHH[SHULPHQWVSURYLGHVWXGHQWVZLWKWKHRSSRUWXQLW\WRXWLOL]HWKHFRPSXWHUDVD
SRZHUIXO WRRO LQ WKH SURFHVV RI FROOHFWLQJ DQG DQDO\]LQJ GDWD DV ZHOO DV GLVSOD\LQJ DQG DQDO\VLQJ GDWD
JUDSKLFDOO\7KHFRPSXWHULQWHUIDFHVLJQLILFDQWO\VLPSOLILHVGDWDFROOHFWLRQWKXVUHGXFLQJWKHWLPHUHTXLUHGWR
SHUIRUPWKHH[SHULPHQWVDQGDOORZLQJVWXGHQWV WRSORWPRUHJUDSKV LQ OHVV WLPHDQG LQFOXGHSULQWRXWVRI WKH
JUDSKV LQ WKHLU ODERUDWRU\ UHSRUWV7KLVFRQFOXVLRQ LVDOVREDVHGRQ WKHDQDO\VLVRI VWXGHQWV¶SHUIRUPDQFHRI
FRPSXWHUEDVHGH[SHULPHQWV SUHVHQWHG LQ5HIV DQG7KHFRPSXWHUDOVRKHOSV VWXGHQWVDQDO\]H WKHLU
GDWDTXLFNO\DQGHIILFLHQWO\7KHUHVXOWLVDVKLIWRIIRFXV±VWXGHQWVQRZFDQVSHQGPRUHWLPHLQWHUSUHWLQJWKHLU
JUDSKV VWXG\LQJ WKH UHODWLRQVKLSV EHWZHHQ YDULDEOHV DQG XQGHUVWDQGLQJ WKH SK\VLFDO FRQFHSWV EHLQJ
LQYHVWLJDWHG )XUWKHUPRUH FRPSXWHUV DUH KHOSIXO WR LQVWUXFWRUV LQ WKH PDQDJHPHQW RI FODVV WLPH 7KH WLPH
VDYHGPD\EHGHYRWHGWRPRUHGHWDLOHGH[SODQDWLRQVRIWKHSK\VLFVFRQFHSWVEHKLQGWKHH[SHULPHQWV
$FNQRZOHGJHPHQWV
, ZRXOG OLNH WR WKDQN 'U 9D]TXH]3RULW] IRU KHOSIXO GLVFXVVLRQ 7KLV ZRUN LV VXSSRUWHG E\ 16)
,QQRYDWLRQWKURXJK,QVWLWXWLRQDO,QWHJUDWLRQ,&XEHG*UDQW+5'
5HIHUHQFHV
>@.H]HUDVKYLOL5<D&DER&0\PEDHY'.7KHWUDQVIHURINQRZOHGJHIURPSK\VLFVDQGPDWKHPDWLFV
WR HQJLQHHULQJ DSSOLFDWLRQV 3URF ,QW &RQIHUHQFH RQ .QRZOHGJH *HQHUDWLRQ &RPPXQLFDWLRQ DQG
0DQDJHPHQW.*&0-XO\2UODQGR)ORULGD86$
>@(SVWHLQ/&7KLQNLQJSK\VLFV6DQ)UDQFLVFR,QVLJKW3UHVV
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>@3URF6(),FRQIHUHQFHSK\VLFVWHDFKLQJLQHQJLQHHULQJHGXFDWLRQ37((,QVW\WXW)L]\NL3ROLWHFKQLND
:URFáDZVND
>@.H]HUDVKYLOL5<D/LJKWDQGHOHFWURPDJQHWLFZDYHVWHDFKLQJLQHQJLQHHULQJHGXFDWLRQ,QW-(OHFWULFDO
(QJLQHHULQJ(GXFDWLRQ
>@ .H]HUDVKYLOL 5 <D &RPSXWHUEDVHG FROOHJH SK\VLFV ODERUDWRU\ H[SHULPHQWV 1HZ <RUN *XUDPL
3XEOLVKLQJ
>@:LOVRQ-'+HUQiQGH]&$3K\VLFV/DERUDWRU\([SHULPHQWVWKHG+RXJKWRQ0LIIOLQ&RP
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
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-RKQ:LOH\	6RQV
>@3$6&2FDWDORJXH3K\VLFV	(QJLQHHULQJHGXFDWLRQ
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
